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Abstract
The Waynesville formation is part of the stratigraphic succession of Indiana bedrock 
which allows us to look back on environmental conditions during the late Ordovician 
period, 450 million years ago..  Due in part to a fossil record which is overwhelmingly 
dominated by a single species, the Waynesville formation functions as an outdoor 
labratory illustrating various preservation processes operating on directly comparable 
shells.  Shell blackening during preservation has been a particular point of interest.  
Based on the correlation of shell blackening with occurrences of shell fragmentation 
and abrasion in large brachiopods, the shell blackening seen in Upper Ordovician (Cin-
cinnatian) brachiopods has previously been identied as a sign of long residence on 
the sea oor, and has been attributed to the accumulation of iron suldes and organ-
ics in microborings.  This in turn suggests extremely low oxygen microenvironments 
within the shells.  The results of this study are broadly consistent with prior hypothe-
ses. Methodology
Specimens were collect-
ed from an exposed out-
crop in Franklin County in 
southeastern Indiana.  
Shells and shell frag-
ments are largely unlith-
ied and dominate quick-
ly weathered matrix.  
They are collected in 
blocks and separated in 
the labratory.
It had been previously observed that ossicles in frag-
ments of brachiopods and other fossils commonly con-
tain nely-disseminated dark material.   The dark areas 
were located in skeletal pores characteristic of the fossil 
group, in microborings and along growth-line boundar-
ies.
 To document the mineralogical basis of blackening, the 
pattern of its progression through shells, thin sections 
were prepared from the collected specimens, which 
were  ranged by perceived degree of exterior blackening 
(shown at left).  Thin sections were prepared and imaged 
by optical microscope to expose specic dark areas.
The optical images were used to select areas for SEM elemental maps 
representative of both light and darkened areas of the shells.  Select-
ed elemental maps are reproduced here.
Here early pyritization 
is clearly visible in the 
development of pyrite 
crystals of the charac-
teristic shape, the 
presence of iron and 
sulfur, and the ab-
sence of calcium.
In the site to the right 
highly diuse pyritiza-
tion is indicated, possi-
bly occurring along 
growth lines at all 
depths of the shell.  
The site to the left ex-
hibited characteristic 
pyrite invasion from a 
ridge into the interior 
along one face, possi-
bly exploiting a shell 
pore.
Conclusions
A progressive degree of pyritization of shells correlated with shell 
blackening.  In the lightest shell this was usually conned to shell 
punctae, but in darker shells advanced to growth lamellae.  Progres-
sion is structurally controlled.   Dysoxic conditions may have oc-
curred to surrounding decay of organic material, consistent with 
stable, long term residence on a sea oor.
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